Species composition and diversity of zooplankton were observed in two lakes undergoing destratification attempts. Twenty-five and twenty-four taxa were collected from Ham's and Arbuckle Lake, respectively. Species composition and density were similar to other area reservoirs, while diversity values (d) were consistently lower. No correlation was observed between depth and number of species or depth and diversity. Density tended to decrease with depth. Densities were lowest in April and August in Ham's Lake and in August in Arbuckles Lake. In both lakes, density was highest in May. Ham's Lake was artificially destratified by the pumping, while Arbuckle Lake was not destratified during the study. Although some temporal variation in species numbers and densities possibly reflected limited oxygen concentrations, the changes could not be directly related to physicochemical conditions of the lakes. Variations are probably due in part to seasonal population dynamics of the zooplankton. No correlation was observed between diversity and time.
Introduction
Zooplankton are important in fresh waters as a major trophic link between primary producers and higher forms. Their vertical distribution may be affected by temperature, dissolved oxygen, light intensity, and possibly pH and conductivity (Pennak, I953, Hutchinson, 1967) . The greatest vertical variation in these parameters normally occurs during winter and summer stratification (Ruttner, 963, Hutchinson, I967) . To prevent thermal layering and depletion of oxygen in the hypolimnion during these periods, lakes have been artificially destra-
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Study Area
Ham's Lake was built by the Soil Conservation Service in 1965 as a flood detention reservoir. The lake drains approximately 1484.29 ha of loamy bottomland 8 km W of Stillwater, Oklahoma in Payne County. The surface of the lake is 40 ha and the volume is 1 15 ha m at principle spillway elevation of 287.0 m above sea level. The deepest point is approximately 9.5 m.
Ham's Lake stratifies thermally and chemically in winter and summer. During summer the epilimnion is supersaturated, but dissolved oxygen is depleted within 3 to 4 m (Steichen, 1974) . In the summer of 1973, the lake was artificially destratified by a pump placed on a raft over the deepest channel in the lake. Within 2 wk the lake was thermally destratified, but a longer period of time was necessary to destratify dissolved oxygen. In 1975 pumping began on I9 June.
Arbuckle Lake is located in Murray County, Oklahoma, about 9.5 km SW of Sulphur. The lake was impounded in 1967 to serve for municipal water supply, flood control, fish and wildlife, and recreation (Gomez & Grinstead, I973) . The surface area is 950 ha and the volume is 8930 ha m. The deepest point of the lake is over 24 m, and the length of the pool is almost i i km. In Arbuckle Lake, three samples each were taken with a Juday Plankton trap from the surface, 4, 8, 12, 16, 20, and 24 m in the central pool. Collections were made on 9 May and 22 May before pumping started, and on 2I June and 8 August afterwards. Samples were preserved and analyzed and physicochemical conditions determined as described for Ham's Lake.
Results
Materials and Methods
Three samples each were taken with a Juday Plankton trap at the surface, 2, 4, 6, and 8 m depths, approximately Ioo m SW of the raft supporting the pump. Collections were made on I2 April, 2 May, and 12 June before the pumping started and on 2 July and 3 August afterwards. Samples were taken 5 h after sunrise and were preserved in 5% formalin. In the laboratory a sample was mixed and a I ml subsample was examined on a SedgewickRafter cell. All organisms in the cell were identified and counted. Additional cells were prepared until at least 200 organisms were identified. This was shown to be an adequate sample size for estimating diversity of zooplankton by Kochsiek et al. (1971) . Because of time limitations, a maximum of Io cells were analyzed for any sample. Density (D) in organisms/ was calculated by the for- where ni = number of individuals in the ith taxon, n = total numbers of individuals, and s = total number of species. Three replicates each of temperature, dissolved oxygen, light penetration, conductivity, and pH were taken at each
Physicochemical Conditions
Temperature, dissolved oxygen, conductivity, and pH were relatively uniform in Ham's Lake on 12 April ( Table  I) . By 2I May temperature, oxygen, and conductivity decreased with depth as the lake began to stratify. Greatest differences occurred between 2 and 4 m. Vertical variation in pH was slight. By 12 June the lake exhibited a de- mg/l in oxygen, and 58 tumho in conductivity. The dine was between 4 and 6 m. On 3 July, 3 wk after pumping began, surface to bottom temperature and oxygen differences were reduced to 3.5 C and 4.5 mg/l, respectively. Conductivity was fairly uniform and pH exhibited a slight decrease with depth. By 3 August the lake was destratified chemically and thermally. Temperature was relatively uniform throughout and oxygen variation from surface to bottom was reduced to .7 mg/l. Little variation existed in conductivity with a continued slight decrease with depth of pH. Light intensity decreased abruptly with depth on all dates it was measured. Arbuckle Lake was thermally and chemically stratified by 9 May with a vertical decrease of 12°C in temperature and 4.6 mg/ I in dissolved oxygen ( Table 2) . Conductivity and pH also decreased with depth. These trends continued throughout the study with temperature increasing and oxygen decreasing despite aeration attempts. Oxygen decreased to < I mg/1 at 6 m and below by 22 June and < o. I mg/l at all depths below 4 m on 8 August. Temperature, conductivity, and pH continued to decrease with depth throughout the study. Zooplankton Twenty-five taxa of zooplankton were collected from Ham's Lake from April to August, including thirteen species of Rotifera, six species of Cladocera, and three species of Copepoda (Table 3) . Nauplii, copepodids, and the rotifer Keratella sp. maintained stable populations throughout the study. Conochilus sp., a colonial rotifer, was absent in April, extremely abundant in May, and almost absent in August. Polyarthra sp. was present in small numbers throughout the study, while Asplanchna The most abundant cladoceran collected was Ceriodaphnia lacustris. C. lacustris and Bosmina longirostris were present in May, June, and July, the former peaking in June and the latter in July. Both were rare in April and August. Diaphanosoma leuchtenbergianum exhibited small peaks in May and July. Daphnia ambigua was the dominant cladoceran in April, but was not abundant. Daphnia parvula was collected only rarely. Ostracods were found at all depths on all dates except August. They were most abundant in July and August and were the most numerous organism inhabiting the 8 m depth by the end of the study.
Diaptomus pallidus was the dominant copepod during all sampling periods, maintaining a fairly stable population until August. Mesocyclops edax was rare except for a small peak in June. Cyclops bicuspidatus was rarely seen in upper lake strata in May. Copepodids and nauplii were collected in great numbers throughout the study, but most abundantly in May, June, and July, Nauplii were the most commonly and abundantly collected forms in Ham's Lake.
Total number of species at any depth ranged from five to 6 (Table 4 ). The greatest number of species was found on 21 May at 4 m. No correlation between depth and number of species was noted. However, a reduction of species at 6 and 8 m on 21 May and 12 June may possibly reflect limited oxygen concentrations (Tab. ). Temporal changes in species numbers appear to be related to seasonal population dynamics of the zooplankton species rather than destratification, since numbers decrease greatly in August despite little change in measured water quality parameters (Table ) . Total density by depth and season ranged from 38 to 505 individuals/l (Table 4 ). The maximum density at 2 m on 21 May was due largely to an abundance of Conochilus sp., a colonial rotifer. Density was generally greatest at 2 m and lowest at 6 or 8 m. An abrupt increase occurred between 12 April and 21 May at all depths. Abrupt decreases in density between 2 and 4 m on 21 May and 4 and 6 m on 12 June possibly reflected low dissolved oxygen concentrations. Density tended to increase shortly after pumping began and to decrease abruptly between 2 July and 3 August. In August, the highest density was at 8 m due largely to an abundance of ostracods.
The percent of the total population at 6 m and below was 35, 29, 15, 25, and 42 for the five sampling dates, respectively. Temporal variation in the density of rotifers species diversity (d) of zooplankton during was greater than that of other groups (Fig. ) . Rotifer density peaked on 21 May, while cladoceran and copepod density peaked on 12 June and 2 July, respectively. Species diversity (d) of zooplankton ranged from 1.5 to 2.9 (Table 4) . Minimum diversity was most often observed at the surface, while maximum diversity occurred most often at the middle depths. No correlations were observed between diversity and depth, or diversity and physicochemical conditions. Twenty-four taxa of zooplankton were collected from Arbuckle Lake from May to August, including ten species of Rotifera, five species of Cladocera, and seven species of Copepoda (Table 3 ). Since pumping did not destratify Arbuckle Lake, changes in the zooplankton population can be attributed to seasonal effects. As in Ham's Lake, Keratella sp. was the most commonly abundant rotifer, with a peak on 22 May. One species of Trichocerca was fairly abundant on 22 May, but was collected at other periods only rarely. Polyarthra sp. also peaked on 22 May, but was collected at other periods in smaller numbers. Conochilus sp. was found on 9 May at a relatively high density of 347 individuals/ I at 4 m and was collected only rarely later in the study. Asplanchna sp. also exhibited a maximum on 9 May, reaching a density of 42 individuals/i at 4 m and was rarely collected later.
Bosmina longirostris was the most commonly collected cladoceran in Arbuckle Lake. It was present at all depths on all sampling dates, reaching a maximum on 21 June at 2 m. Ceriodaphnia lacustris was present in small numbers at 4 m and below throughout the study. Daphnia parvula was present on 9 May but rare on later dates. Daphnia ambigua and Diaphanosoma leuchtenbergianum were rarely collected.
Nauplii and copepodids were the most numerous crustaceans in Arbuckle Lake. They were collected at all depths on all sampling dates and reached a maximum on 21 June. Both forms were most abundant between 4 and I6 m. Diaptomus pallidus was found in small numbers, reaching a peak on 2 June. Diaptomus siciloides was present at 12 m and below on 9 May. Cyclops bicuspidatus was found in small numbers only on the first two sampling periods, reaching a maximum density of 22 individuals/ 1 at 24 m on 22 May. Tropocyclops prasinus and Mesocyclops edax were collected occasionally throughout the study at 4 m and below, although T. prasinus was absent on 22 May.
Total number of species by depth and season ranged from three to 15 (Table 5) , which was slightly lower than the range reported for Ham's Lake. As in Ham's Lake, no consistent relationship was observed between number of species and depth. Minimum numbers of species generally were collected at the surface, while maximum numbers occurred between 4 and 12 m. Numbers of species did not reflect limiting oxygen concentrations in deeper waters in Arbuckle Lake (Table 2) . Density ranged from 27 to 576 individuals/I (Table 5) , which is similar to the range for Ham's Lake. A slight tendency existed for density to decrease with depth; however, no apparent relationship existed between density and measured physicochemical conditions. Density tended to decrease with time. The highest percent of the total population at any sampling period was found at 2 m. As in Ham's Lake, rotifers exhibited the greatest temporal variation in density, reaching a maximum on 9 May (Fig.  2 ). Copepods were densest on 2I June, while cladocerans were fairly uniform throughout with a small peak on 21 June.
Species diversity (d) of zooplankton varied from .2 to 3.1 ( served between density and depth or between diversity and time. Minimum diversity was measured in the surface sample during three sampling periods.
Discussion
Twenty-five and 24 taxa were taken from Ham's Lake and Arbuckle Lake, respectively, from May to August, I975. Bowles (1973) (Duck, 1936; Kingsbury, I965; Prather & Prophet, 968; Robertson, 1970, Kochsiek et al., 971; Bowles, I973; Prophet and Waite, 1975) .
Keratella sp. was the most common rotifer in Ham's Lake and Arbuckle Lake, as well as in Eufaula (Bowles, I973) , Marion, and Council Grove Reservoirs (Prather & Prophet, 1968) . The most abundant cladoceran in Ham's Lake was Ceriodaphnia lacustris, while Bosmina longirostris was the most abundant in Arbuckle Lake. C. lacustris was also the most common cladoceran in Eufaula Reservoir (Bowles, 1973) and B. longirostris in John Redmond Reservoir (Prather and Prophet, 968) . Immature copepoda were extremely abundant in both Ham's and Arbuckle Lake, and in Eufaula (Bowles, 1973) and Keystone Reservoirs (Kochsiek et al., 197 ) . Densities of the identified copepod species are underestimated since immatures are not identifiable to species and not included in estimates. Diaptomus pallidus, and Mesocyclops edax were the major copepods taken in Ham's Lake, while the copepod population in Arbuckles consisted primarily of D. pallidus, M. edax, Cyclops bicuspidatus, and Tropocyclopsprasinus. In a study of 45 lakes, Patalas (1971) stated that a declining proportion of diaptomids and an increasing number of cyclopoids and cladocerans, as seen in Arbuckle Lake, characterizes lakes with increasing nutrient loads.
Diversity of all samples averaged 2.2 in Ham's Lake and 2.3 in Arbuckle Lake. These values are lower than in most area reservoirs. Bowles (1973) Seasonal variation of species number and density of zooplankton populations was similar in the two lakes. Mean number of species and density over all depths were relatively low in August in both lakes and in April in Ham's Lake. No April sample was taken in Arbuckle Lake. Maximum density occurred in May in both lakes. Seasonal variation in diversity was also similar in the two lakes. Diversity was low in April, tended to increase through the early summer sample, and then decreased in August. Although it is not possible to directly relate seasonal variation to physicochemical conditions, the low values in August may have been influenced by low concentrations of dissolved oxygen. Prather and Prophet (1968) found that species diversity (d) in Redmond, Council Grove, and Marion Reservoirs was not related to the measured physicochemical conditions.
The pronounced vertical variation in temperature and dissolved oxygen was not closely reflected in species composition and diversity of zooplankton. Density tended to be less at the lower depths than at the upper depths, possibly reflecting lower dissolved oxygen concentrations in the hypolimnion. Pennak (1953) stated that low dissolved oxygen concentrations may limit cladocerans in the hypolimnion of lakes. However, trends in vertical variation in numbers of species and in diversity were not observed.
Although pumping did not destratify Arbuckle Lake, it resulted in an increased dissolved oxygen concentration in the bottom waters of Ham's Lake. The variation in temperature between the surface and the bottom was only 1.3°C by 3 August in Ham's Lake. Variation exists in the literature on the effects of artificial destratification on zooplankton populations. reported that before destratification of El Capitan Reservoir, 85% of the zooplankton were restricted to the area above lo m, whereas after treatment 85% were below Io m. In contrast, Lackey (1973) reported that depth distribution of cladocera and rotifera in Parvin Lake were unaffected by artificial destratification. Linder & Mercier (1954) suggested that artificial destratification may increase the rate of light extinction by resuspending detritus, sediments, and other materials, and thus zooplankton may even relocate more toward the surface where their food source is restricted due to light requirements. In Ham's Lake, only 15% of the total population was found at 6 m and below shortly before destratification, while 42% were found at 6 m and below in August when mixing was most pronounced.
